The success of shoot and rooting from the nodal shoot segments of Sophora alopecuroides L. were induced in vitro condition. However, transferring and acclimatizing the plantlets to under soil or ex vitro condition were difficult. This study investigated plant survival with anatomical changes in plantlets while transferring from in vitro to ex vitro conditions to investigate vascular cylinder variations. The ex vitro rooting of the in vitro regenerated shoots, after having been treated with 500 mg/L IBA, showed a success rate of 80 per cent. These plantlets were rooted and acclimatized simultaneously in ex vitro condition.
INTRODUCTION
Sophora alopecuroides Linn., a perennial shrub of Fabaceae family has been used in Mongolian traditional medicine to treat fever, bacterial infection, heart disease, and rheumatism [7] . This plant made up for more than 25 prescriptions of Mongolian traditional medicine, such as Mana-4, 10, 15, Norov-7, Marchin-13, Lider-5, 7, Arjutan, Buurun shosh-7, Bariav-17, Banlag-3, Jamba-6, Jonlan-5, Tanchin-10, Tsulkhir-4, Agar-15, 35, Ar Ür-14, 21, Balchin-23, Boigar-10, 18, Giban-13, and Khiin Gurgum-7 [2] . Sophora is a genus encompassing about 45 species, and only two of them have been so far recorded in Mongolia.
The population of this genus is declining [10] due to overharvesting of the roots for medicinal purposes. This species has been assessed as endangered owing to poor regeneration in nature and very limited geographic distribution in Mongolia [6] . Also, the germination rate of the seed is low, less than 50%, according to previous reports [18] . In order to protect or save the natural resources for this species, it is necessary to propagate them in vitro condition.
As indicated in the results of other research groups, direct shoot regeneration from nodal segments has been implemented successfully for this species, however, acclimatization was the biggest challenge [1, 8, 17, 18] .
Tissue culture system is useful for rapid multiplication of improved varieties and for production of disease-free and goodquality planting materials [9] . The plant growth regulators were tested and conditions were optimized for efficient shoot and root development in S. alopecuroides during present investigation. Nevertheless, there are few anatomical studies showing how and where the adventitious organs are formed during ex vitro adaptation. Such information could be useful in understanding the adaptive mechanisms of many plants during the transition steps from in vitro to the soil [11] . In this study, we report the direct root regeneration protocol in the soil which could skip some stages of in vitro rooting and adaptation. The present study also aims to compare and evaluate anatomical developmental changes of roots in vitro, ex vitro and in vivo.
MATERIALS AND METHODS

Collection of plant material and preparation of explants
The seeds of Sophora alopecuroides were collected from a place called Ekhiin Gol in Bayankhongor aimag in the south-west of Mongolia. The seeds were treated with 70% ethanol for 3 minutes, followed by surface sterilization in 1% NaOCl with 2-3 drops of Tween-20 for 10 minutes and then rinsed with sterilized distilled water five times under aseptic conditions. The germinated seedlings were cut into 3-4 cm with 1-2 nodes.
Establishment of culture
Nodal segments were inoculated on agar gelled (0.8% agar) MS medium (Murashige and Skoog 1962) supplemented with various combinations of 6-benzylaminopurine (BAP) (0.5-2.0 mg/L) and α-Naphthalene acetic acid (NAA) (0.2-0.5 mg/L) or only indole-3-butyric acid (IBA) (0.5-2.0 mg/L) for shoot induction. Culture condition was 16:8 h light:dark of photo period at 25 ± 2 0 C temperature.
Multiplication of shoots in cultures
The shoots were cut into 2-4 cm long segments (each with at least 1-2 nodes) and subcultured on fresh MS medium with a 3 to 4 week interval. The culture medium used for shoot multiplication was incorporated with various concentrations and combinations 0.5-2.0 mg/L 6-benzylaminopurine (BAP), indole-3-butyric acid (IBA) and 0.2-0.5 mg/L α-Naphthalene acetic acid (NAA).
Effect of auxins on rooting of proliferated shoots (in vitro)
Well-developed shoots with 3-4 cm separated from bunch of shoots were transferred to half strength MS medium containing different concentrations of auxins (indole-3-butyric acid, IBA; indole-3 acetic acid, IAA and α-Naphthalene acetic acid, NAA; 0.2-2.0 mg/L). The cultures incubated under light for shoot induction with 16:8 h light:dark photo period at 25 ± 2 0 C.
Ex vitro root induction
In order to skip some of additional steps for plantlet production, we conducted ex vitro root induction experiments. Healthy and tall shoots (4-5 cm) were separated one by one from the initial culture and the cut end of the shoots were dipped in 3 forms of auxin solution that were prepared in different concentration from 100 to 700 mg/L for 3 mins. The auxin solution consists of IAA, IBA and NAA. Finally, the auxin treated shoots were directly transferred to sterilized soil in bottles with different mixture (sand:soil:vermiculite), which were moistened regularly with one-fourth MS salts and maintained in ex vitro room with light for simultaneous rooting and hardening.
Anatomical studies of root of S. alopecuroides
For revealing the root maturing steps, we analysed the 2-month old plantlets (in vitro), 1-month old plantlets rooted in ex vitro (shoots 
Statistical analysis of the data
The experiments were conducted with 20 explants for each treatment and repeated thrice. The results were subjected to analysis of variance and the significant differences among the mean values were estimated using Tukey's test at p<0.05 using the Statistical Analysis System program (SAS, 2008).
RESULTS AND DISCUSSION
Effects of phytohormones on multiplication and establishment of cultures
In order to select the optimized phytohormone for shoot induction from the nodal segment, the MS medium (Murashige and Skoog 1962), supplemented with various concentrations and combinations of cytokinin (BAP) and auxins (such as IBA and NAA), were screened. The result revealed that the effect of only BAP containing variation (4.4-7.2 shoots) showed significant effect on shoot induction compared with that on medium with the combination of BAP together with NAA (2.2-3.7 shoots). However, abnormal shoots with leaf chlorosis and abscission developed on the medium having BAP alone. The number of shoots produced in this study was significantly greater than those achieved in the earlier reports in S. flavescens [17, 18] .
Tissue culture system has been successfully developed with nodal segment explant of S.flavescens through the application of many previous research results [1, 8, 15, 17] . As was observed, the effectiveness of BAP over Kin for shoot initiation from nodal segment has been reported in Sophora's species. At the same time, it was reported that the combination of BAP and NAA was also useful for regeneration of Sophora toromiro [5] . Our results also indicated that only BAP-containing medium was appropriate as compared to the combination of BAP and NAA for proliferation. The method of multiplication of shoots by repetitive transfer of mother explants has been reported in many plants [17, 18] . 
PMAS
Auxins and in vitro root induction
The in vitro proliferated shoots were used for rooting experiments. For selection of a suitable medium of root induction, we tested half-strength MS medium having NAA, IAA and IBA (0.2, 1.0, 2.0 mg/L). Within the variations containing IBA, the highest results were indicated in the medium with 2.0 mg/L, however, 34.8% of the explants could produce roots and the average root number was 3.9±0.4 per explant and root length was about 1.9±0.1.
IBA-derived auxin has strong impact on various aspects of root development, including regulation of root apical meristem size, root hair elongation, lateral root development, and the formation of adventitious roots [3] . Based on these theoretical information related with IBA, we tested the role of this hormone with 1.0-2.0 mg/L IBA concentration for rooting of proliferated shoots. Although the root induction rate was lower in all the variations containing 2.0 mg/L IBA, it highly promoted shoot proliferation with 10.6±0.5 compared with BAP containing medium (Fig. 1) .
MS medium supplemented with 2.0 mg/L IBA had more significant effect on shoot induction as compared to BAP containing variation. Depending on the plant species, some of them had highly synthesized cytokinin in them. Since enough cytokinin is accumulated in the plant naturally, it may require more auxins for root induction especially for this species. In our experiments, there were no root induction in all concentrations of NAA and semi-strength MS medium without hormone. For 2.0 mg/L IAA supplemented treatment, it was highly affective for rooting and percentage response was 71.5% with root number coming to 3.8±0.4 and root length 1.2±0.1 cm, indicating optimum for in vitro rooting from the cut ends of the shoots (Fig. 2a ). The result from Cao and Li (2010) study supports our result of the strength of MS medium with IAA used for in vitro root induction.
Ex vitro root induction and hardening of plantlets
Experiments were carried out to achieve rooting and hardening simultaneously in ex vitro. Excellent results were obtained when the excised shoots were treated with IBA solutions for ex vitro root induction. Maximum response of rooting (100%), number of roots per explant (10.9±1.67) and root length (1.57±0.12 cm) were observed when treated with 500 mg/L concentration of IBA. The moderate rooting response was 7.26±0.33 with roots per shoot recorded in all the variations containing IAA and the lowest results (2.78±0.39 roots per shoot) were observed in the control without any treatment. Since, our result is the first report on the ex vitro rooting of the shoots of S. alopecuroides, there weren't any previous reference for this species.
However, ex vitro root induction was successfully achieved in some other plants such as Ceropegia bulbosa [12] , Leptadenia reticulata [13] and etc. This technique is time consuming and labor-intensive, which, however, could lead to the development of an effective in vitro plant propagation protocol for recalcitrant species on adaptation stage. The plantlets raised through ex vitro rooting methods are more suitable to tolerate the in vivo stresses [14] .
The ex vitro rooted plantlets were hardened in ex vitro room condition. Plantlets in bottles with sterilized soil were transferred to soil containing plastic bottles without cap after 4-5 weeks (Fig.2 d) . Water spray on a daily basis was required for better survival rate during hardening of the plantlets in the greenhouse. The rate of survival at the time of hardening was maximum (80%) during the present study. This result indicated that rooting in ex vitro condition increased the survival rate by 2.4-fold compared with that of in vitro rooted plantlets. Anatomical studies of root of S. alopecuroides Normally, depending on the developmental stages of the root structure, 3 types of root structure were observed in the central cylinder ( Fig.3) [16] . Abnormality during the in vitro propagation is due to special condition when plantlets grow in an environment with lowair circulation, high humidity and low-light intensity, and the root system develops poorly in plants.
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As a result, the survival rate is highly reduced during the adaptation period. Thus, in order to show the root structure differences, samples from 1-year old plantlets adapted in green house, 2-month old in vitro rooted plantlets, and ex vitro rooted plantlets in different variations were used for anatomical study.
Epiblema, bark, pericycle and periderm layers were completely formed and the radialshaped xylem-phloem arrangement in the central cylinder was fully formed (Fig.4) for root structure of 1-year-old plants transferred in greenhouse.
Root structure of 2-month old plantlets grown in in vitro condition were characterized by epiblema, endodermis, pericyclic and peridermis cell and it also already started to develop central cylinder-like diarch form with primary phloem and xylem ( Fig.5) .
At the same time, all the variations of 30days old plantlets, rooted in ex vitro condition, already obtained the diarch like structure and showed the fully developed central cylinder with primary phloem and xylem ( Fig.6-8 ).
In contrast, as indicated in figure 9 , root anatomical structure of 30-day old plantlets treated with 500 mg/L IBA showed that full set of primary and secondary epidermis were completely formed along with triarch-like structure of central cylinder with primary phloem and xylem. Sclerenchyma was also completely formed around them.
These results highlight the fact that the highest survival rate occurring in the plantlets rooted in ex vitro condition is related with the completely developed root system. The rapid development of vascular cylinder system with phloem and xylem were able to absorb water and nutrients from soil without any condition. The excellence of the root system, as mentioned by Gonçalves et al. (1998) , is a key factor for the success of the acclimatization process. 
